Objective: This study aimed to investigate the impact of bladder volume on treatment planning and clinical outcomes of radiotherapy for patients with cervical cancer. Materials and methods: One hundred and sixty-six patients with locally advanced cervical cancer were selected in this retrospective study. The patients were divided into four groups according to their average bladder volume during radiotherapy (external beam radiation therapy and intracavitary brachytherapy): group A: V<100 mL, group B: 100 mL≤V≤150 mL, group C: 150 mL<V≤200 mL, group D: V>200 mL. The bladder volume and the cumulative dose to planning target (D90), bladder (D2cc), rectum (D2cc), and sigmoid (D2cc) were calculated using the treatment planning system. Treatment outcomes including late adverse events (the maximum grade of radiation-induced proctitis and cystitis), the objective response rate of tumor and lymph node, overall survival (OS), and progression-free survival (PFS) were collected. Additionally, the correlation between bladder volume and the irradiated dose of organs at risk and treatment outcomes was analyzed. Results: The median follow-up time was 28 months. The D90 and D2cc of the rectum in group A were the highest (P<0.05). The D2cc of the bladder in group D was the highest (P<0.05). There was no significant difference in the tumor and lymph node regression rate, OS, and PFS among the groups. The difference in the late radiation-induced proctitis and cystitis maximum grade among the four groups was statistically significant (P<0.001, P=0.022, respectively), with group A the most serious and group B the mildest. Conclusion: For patients with cervical cancer, the bladder volume significantly affected the delivered dose to target, rectum, and bladder. When the bladder volume range was 100-150 mL, the rate of late radiation-induced proctitis and cystitis was low and the degree of reaction was mild. This is thought to be the optimum bladder volume for patients with cervical cancer during radiotherapy.
treatments are the main treatments for them. 2 Because of the special anatomical position of the cervix, the bladder and rectum are close to the anterior and posterior walls of the uterus, and the tolerated dose of the bladder and rectum is lower than that of the uterus, so radiation-induced cystitis and proctitis are the most common complications. 3 Most late radiation-induced cystitis occurs between 1 year and 6 years after radiotherapy, and 80% of late radiation-induced proctitis occurs between 6 months and 2 years. 4 With the progress of diagnosis and treatment technology, the overall survival rate (OS) of cervical cancer has significantly improved. However, the control of radiotherapy complications has not, which seriously affects the quality of life of patients. 5 In radiation therapy technology, through intensity-modulated radiation therapy, a change of position in the promotion of the adjustment of the filling degree of normal organs can effectively reduce the viscera of radioactive damage; [6] [7] [8] at the same time during radiotherapy, preventive use of corresponding drugs (such as radiation protective agent, intestinal flora regulator, intestinal mucosa protectant, etc.) also obtained a certain effect. 9, 10 The bladder volume, as a relatively controllable influencing factor, not only changes the dose of radiotherapy, but also provides a new idea for the prevention of radiotherapy complications. Yamashita et al 11 carried out a study of 10 patients with different bladder filling states (0 mL, 50 mL, 100 mL, 150 mL, 200 mL) in the process of intracavitary brachytherapy (ICBT), and found that an increase in bladder volume resulted in a significant reduction in the hot-spot dose of the small bowel at the expense of an increase in that of the bladder without changing the dose distribution of the rectosigmoid. Many research studies confirmed that, in the process of radiotherapy, adjusting the bladder volume can change the dose of targets and organs at risk (OARs), [12] [13] [14] [15] but most of them were dosimetric studies, with outcomes such as shortterm efficacy, OS, progression-free survival rate (PFS), late radiation reaction, etc., there is no related follow-up data report, and the number of patients is deficient. Therefore, this study intends to use retrospective analysis to analyze the treatment and follow-up data of patients with cervical cancer who have received radiotherapy in our treatment center, in order to find the optimum bladder volume range which is helpful for the prognosis of patients.
Materials and methods
This study was retrospective research which analyzed the treatment and follow-up data of cervical cancer patients who were treated in our research center between January 
Treatment planning
All patients underwent radiotherapy and chemotherapy as described for the inclusion criteria. Varian Clinac iX linacs (Varian Medical Systems, Palo Alto, CA, USA) and the Eclipse 8.6 treatment planning system (Varian Medical Systems) were used for EBRT. Elekta Brachytherapy Solutions (Elekta, Veenendaal, The Netherlands) and the Fletcher Williamson Asia Pacific Sets (ovoid tubes and intrauterine tubes 15°and 30°) were used for ICBT. During radiotherapy, patients were asked to empty their bladders 1 h before treatment and then drink 800 mL water within 10 min to ensure the consistency of bladder volume, and cone-beam CT was performed every 5 times of EBRT.
Follow-up
Every patient with cervical cancer in our research center was advised to review every 3-6 months within 2 years after the end of treatment, every 6-12 months within 3-5 years, and then review annually based on the patient's risk of tumor recurrence.
Methods of observation and assessment
The treatment planning system was consulted to obtain the bladder volume (EBRT: external radiation positioning of the patient, ICBT: bladder volume in each treatment of CT images) and the cumulative dose to planning (D90) of the target, (D2cc) of the bladder, (D2cc) of the rectum, and (D2cc) of the sigmoid, as recommended by the gynecological GEC ESTRO working group. 19, 20 All received doses were calculated using a biologically equivalent dose of 2 Gy per fraction (EQD2) and a linear-quadratic model with α/β of 10 Gy was assumed for the target and α/β of 3 Gy was used for OARs. 21 
Results

Patient characteristics
A total of 184 patients with locally advanced cervical cancer met the criteria for inclusion in the study. Based on the exclusion criteria, 18 patients were excluded: 10 patients were lost during the follow-up, 2 patients were lactating, and 6 patients had stage IIIB cervical cancer with renal pelvis edema. At last, a total of 166 patients with locally advanced cervical cancer were screened, with a median age of 54 years ranging from 26 to 75 years. Patients were divided into four groups basing the average bladder volume during radiotherapy: group A: V<100 mL, group B: 100 mL≤V≤150 mL, group C: 150 mL<V≤200 mL, group D: V>200 mL. A comparison of characteristics of these patients in different groups is presented in Table 1 .
Analysis of factors affecting OS
Univariate analysis and multivariate analysis were performed using a Cox regression model, and determined that FIGO stage, pathology, and metastasis were all significantly associated with OS in patients with locally advanced cervical cancer (Tables 2 and 3 ). Interestingly, FIGO stage and pathology (adenocarcinoma) were not independent factors affecting the prognosis of locally advanced cervical cancer patients in this study.
Analysis of factors affecting PFS
Univariate analysis and multivariate analysis were performed using a Cox regression model, and determined that FIGO stage, pathology, metastasis, and recurrence were all significantly associated with PFS in patients with locally advanced cervical cancer (Tables 2 and 3) . However, FIGO stage and pathology were not independent factors affecting the prognosis of locally advanced cervical cancer patients in this study.
Analysis of dosimetry
ANOVA test analysis of D90, D2cc of the bladder, D2cc of the rectum, and D2cc of the sigmoid found that there were statistically significant differences in D90, D2cc of the bladder, and D2cc of the rectum among the four groups. An independent-sample t-test between each group found that the mean dose of D90 was highest in group A in comparison to group B (P=0.04), group C (P=0.005), and group D (P=0.002). This showed a similar tendency in D2cc of the rectum: the mean dose of D2cc of the rectum in group A was the highest, and there were statistically significant differences in comparison to group B (P<0.001), group C (P<0.001), and group D (P=0.025). We compared D2cc of the bladder among the four groups in the same way and found that there were statistically significant differences between the following groups: group A and group D (P=0.002), group B and group D (P=0.008), and group C and group D (P=0.021). There was no statistically significant difference in D2cc of the sigmoid among the four groups. Comparative dose distributions in the different groups are presented in Table 4 . The typical dose distributions of EBRT and ICBT are shown in Figures 1 and 2 .
Analysis of short-term efficacy
The objective response rate of all patients was 100%. On analyzing results from the chi-square test, we found that there was no statistically significant difference in the rate of tumor and lymph node regression among the four groups. Comparison of efficacy variables in different groups is presented in Table 5 .
Analysis of survival results
Among 166 patients included in the study, the median follow-up time was 28 months. Thirteen patients died. Seven patients were recurrent, including three central recurrence (recurrent cervical cancer developing at the vaginal apex or in the cervix in a previously irradiated field without involving the pelvic wall 18, 27 ) and four noncentral recurrence (recurrent cervical cancer invaded the pelvic wall muscle or blood vessels 18, 27 ). Twelve patients presented metastasis; 5 patients with lung metastasis, 4 with bone metastasis, 2 with liver metastasis, and 1 with multiple systemic metastases. Kaplan among the four groups is shown in Figure 3 . The PFS comparison in the different groups is shown in Figure 4 .
Analysis of late radiation-induced injuries
All of the patients in the study were followed up for at least 1 year to clarify the bladder volume influence on late radiationinduced injuries. The most common adverse events, including late radiation-induced proctitis and cystitis, were analyzed. There was no grade 4 event observed. On analyzing results of the rank-sum test of late radiation-induced proctitis and cystitis, we found that there were statistically significant differences among the four groups. The late radiationinduced proctitis was more serious in group A in comparison to group B (P=0.001) and group C (P<0.001). Group A also had the highest average rank indicating the most serious late radiation-induced injuries in the four groups. The late radiation-induced cystitis was milder in group B in comparison to group A (P=0.005) and group D (P=0.024), and group B had the lowest average rank indicating the mildest late radiationinduced injuries in the four groups. Late maximal toxicities by RTOG/EORTC scoring in different groups are presented in Table 7 .
Discussion
Radiotherapy has achieved a satisfying result in the treatment of cervical cancer, especially with the advent of novel technologies such as intensity-modulated radiation therapy, fourdimensional CT, and image guided radiation therapy, and many research studies have proved that new radiotherapy techniques improve the target doses while reducing treatment-related toxicity. [28] [29] [30] [31] However, acute and late radiationinduced proctitis and cystitis are still inevitable due to the anatomical position and physical properties of X-rays. 32, 33 Although radiation protectants including sulfhydryl compounds, nitroxides, antioxidant compounds, and nonantioxidant radioprotectors have been tried with some success, 34 the side effects and cost-effectiveness are still important considerations for developing these agents. 35, 36 The method of adjusting the bladder volume to change the dose of target and OARs may be the most feasible and cost-effective approach. A multitude of research has shown correlation between bladder volume and irradiated dose of OARs in planning ICBT for cervical cancer, but most of them were dosimetry research studies, and the influence of bladder OARs between an empty bladder and a full bladder (100 mL), and found that a negative correlation was seen between the difference in the small bowel D2cc but no differences were noted in the rectum and sigmoid colon. On the contrary, a meta-analysis 39 researched the effects of different status of the bladder on dosimetry to normal tissue in brachytherapy of cervix cancer; six studies including 135 patients were involved, and the results suggested that the dose distribution to the bladder and small bowel in a filled bladder state were lower than those in an empty bladder state, and the results for the sigmoid colon and rectum were just the opposite. Consequently, in radiotherapy of cervical cancer, which OARs were affected by bladder volume and how this worked are still controversial. For image-based treatment planning in cervical cancer, absolute volumes of 0.1 or 2 cm 3 or relative volumes of 5% of the contoured OARs were evaluated as the "hot spot". The gynecological GECT ESTRO working group for image-guided brachytherapy designated the D2cc value as the surrogate for a "hot spot" of OARs. 19 It was suspected that radiation-induced injury was likely caused by a hot spot in the irradiated volume. Therefore, treatment with an appropriate distended bladder may result in a significant reduction in radiation exposure to a large part of the bladder, which will be more beneficial than an empty bladder in HDR brachytherapy. In this study, we found that the dose distribution of the tumor and OARs was significantly affected by the bladder volume. D90 decreased with an increase of bladder volume, D2cc of the bladder increased with an increase of bladder volume, and there was no significant Abbreviations: n, number; ORR, objective remission rate; CR, complete remission; PR, partial response; SD, stable disease; PD, progression disease. effect on D2cc of the sigmoid. Interestingly, with bladder volume <100 mL or >200 mL, the D2cc of the rectum was higher than in the other groups. We presumed that this was correlation with the anatomy position of each OAR. The excessive bladder volume forced more bladder tissue into the target area and closer to the high-dose area, leading to higher dose distribution. The rectum is behind the cervix, so the larger the bladder, the more it is pushed away from the target; but if the bladder volume is too much larger, the implant system will displace seriously and the dose of the rectum will be higher. Similarly, the location between the sigmoid and the bladder was relatively distant so its dose was not affected by the bladder volume. Theoretically, the higher the dose of target, the better the tumor control effect will be, but with increasing D90 the dose for OARs will also increase. 40 Therefore, in clinical practice, on the premise of tumor control, the protection of OARs should also be considered. In our research, the mean doses of D90 in the four groups were all higher than 85 Gy, which already achieved the radical dose of radiotherapy for locally advanced cervical cancer recommended by the National Comprehensive Cancer Network, 18 indicating that there was no impact for cervical cancer local control. The results of the Cox regression model and analysis of short-term efficacy (recession of tumor and lymph node) and the survival results (OS, PFS) in the four groups (P>0.05) also proved this. Univariate analysis and multivariate analysis found that FIGO stage and pathology (adenocarcinoma) were not independent factors affecting the prognosis of locally advanced cervical cancer patients in this study, which was different from the generally known. We consider the following reasons: firstly, the included patients were locally advanced patients, and in order to observe the radiation-induced side effects we excluded the stage IIIB patients with edema of the renal pelvis. Benefiting from the progress of chemoradiotherapy, the overall treatment effect of these patients was not significantly different. Secondly, the number of nonsquamous cell carcinoma patients was smaller than the squamous patients (21 vs 145) and the follow-up time was not long enough, which might cause these statistical results. Therefore, we should be cautious with these results. In this study, only proctitis and cystitis were analyzed in the late radiation-induced injuries, because the effects of dose and function on the rectum and bladder caused by changes in bladder volume are relatively common. 41 It was reported that the incidence of proctitis and cystitis was 20-80% and 6-20%, respectively. [42] [43] [44] [45] In our research, the incidence of proctitis and cystitis was 27.1% and15.67%, respectively, and no grade 4 event was observed, that mostly depended on the effect of advanced radiotherapy technology. Statistical results showed that the mean rank of late radiation-induced proctitis and cystitis in each group present the same trend: group A>group D>group C>group B. For proctitis, this is consistent with the trend for D2cc of the rectum. However, for cystitis, this had no specific correlation with D2cc of the bladder. We speculated that within a certain dose range, the increase of bladder dose was not linearly correlated with the occurrence of side effects, and the occurrence of cystitis may be affected by a variety of factors. In addition, it took a long time to observe cystitis and the large time span of included cases also was an important interfering factor. From what has been discussed, adjusting the volume of bladder filling may be an effective, reliable, and economical way to reduce radiation-induced proctitis and cystitis for cervical cancer during radiotherapy, and a range of 100-150 mL is suggested. However, some limitations of this study should be emphasized. Firstly, this was a retrospective study grouping by bladder volume range, it cannot be precise enough, the number of cases was small, and the characteristics of fully eligible patients were not similar in the four groups. Secondly, in order to clarify the late radiation-induced injuries, only patients with a follow-up time of more than 1 year were included and there was a selection bias, which may have some influence on the research results. Despite the limitations of this study, the number of cases included was still larger than other studies, and it showed a positive result for protection of OARs and might indicate a certain volume range for further research studies. Meantime, with the limitations mentioned, it is necessary to follow-up the patients and report the update results in time. In addition, well-designed prospective clinical trials with a large number of patients are needed. 
Conclusion
Bladder volume significantly affected the dose of the target, rectum, and bladder, but had no significant effect on the sigmoid. Because of the advantage of dose distribution (including dose of target and OARs) and the lowest rate of late radiationinduced proctitis and cystitis, the optimum bladder volume range is 100-150 mL for cervical cancer in radiotherapy.
Further research is needed to determine whether patients with locally advanced cervical cancer would benefit from this bladder volume range, and whether it would alleviate acute radiation-induced injuries and other late radiation-induced complications.
